In order to explore tick proteins as potential targets for further developing vaccine against ticks, the total proteins of unfed female Dermacentor silvarum were screened with anti-D. silvarum serum produced from rabbits. The results of western blot showed that 3 antigenic proteins of about 100, 68, and 52 kDa were detected by polyclonal antibodies, which means that they probably have immunogenicity. Then, unfed female tick proteins were separated by 12% SDS-PAGE, and target proteins (100, 68, and 52 kDa) were cut and analyzed by LC-MS/MS, respectively. The comparative results of peptide sequences showed that they might be vitellogenin (Vg), heat shock protein 60 (Hsp60), and fructose-1, 6-bisphosphate aldolase (FBA), respectively. These data will lay the foundation for the further validation of antigenic proteins to prevent infestation and diseases transmitted by D. silvarum.
Ticks are an obligate bloodsucking ectoparastism animal, which spread a variety of diseases and bring great harm to human health and development of the livestock [1] . Now tick control is principally dependent on the application of acaricides. However, it can develop resistance to acaricides for ticks and raises environmental contamination [2] . Therefore, vaccination is considered as one of the most effective ways for tick control [3] . The key step is to screen antigenic proteins for further developing vaccine against ticks. Willadsen et al. [4] isolated a midgut antigen Bm86 from Rhipicephalus (Boophilus) microplus, and immune experiment results showed that Bm86 can effectively induce the host to produce protective immune responses. Galay et al. [5] purified recombinant ferritins (rHlFER1 and rHlFER2) from Haemaphysalis longicornis and immunized rabbits with them, respectively. The results of tick infestation challenge showed that rHlFER2 could significantly reduce the body weight of ticks infested from the rHlFER2-immunized rabbit compared to those from the control rabbits. Through mass spectrometry, Kim et al. [6] and Hu et al. [7] identified calreticulin and paramyosin (Pmy) from H. longicornis, respectively. These scholars have been trying to screen more effective antigenic proteins in the preparation of anti-tick vaccines.
Dermacentor silvarum is one of the principal vectors of Russian spring encephalitis, Babesia equi, Babesia caballi, and rickettsiosis and is widely distributed in northern China, Russia, and Mongolia [8] . However, only subolesin (4D8) was cloned from D. silvarum, and other antigens were not reported in it [9] . Here, new antigenic proteins were screened and identified from unfed female D. silvarum by LC-MS/MS technology. This provides the foundation for the further development of anti-tick vaccines.
Adult D. silvarum were collected from infested sheep at the Xiaowutai National Natural Conservation Area, Hebei Province, China and reared as described previously [10] . Polyclonal antibodies against D. silvarum were generated in adult male New Zealand white rabbits purchased from the Hebei Laboratory Animal Center (Shijiazhuang, China). Firstly, 20 unfed female ticks were fast frozen in liquid nitrogen and ground to powder, which were transferred into the tube containing 1 ml 0.1 M PBS (pH 7.2). Then, samples were centrifuged at 13,000 rpm for 10 min at 4˚C, and 360 μg supernatant extracts emulsified in an equal volume of Freund's complete adjuvant were initially injected into the rabbits. Two additional injections were given every 2 weeks with 360 μg proteins emulsified with an equal volume of Freund's incomplete adjuvant. One week after the third injection, blood was collected from rabbits, and antibodies in serum were purified by caprylic acid-ammonium sulfate method and stored at -70˚C for later analysis.
The screening of antigenic proteins in D. silvarum was performed by western blot. A total of 5 unfed female ticks were frozen in liquid nitrogen and ground to powder, which were transferred to a tube containing 1 ml 0.1 M PBS. Then, the samples were centrifuged at 13,000 rpm for 10 min at 4˚C, and supernatant extracts were stored. About 30 μg protein per lane, including prestained protein marker (Fermentas, Ontario, Canada), were separated by 12% SDS-PAGE and transferred to a polyvinylidene difluoride (PVDF) membrane. Then, the membrane was incubated with polyclonal antibodies (1:2,000) and rabbit negative serum overnight at room temperature, respectively. After incubation, they were washed with PBS-Tween-20 (PBST) and incubated with peroxidase-conjugated affinipure goat anti-rabbit IgG (1:2,000) for 1.5 hr (Proteintech, Chicago, Illinois, USA). Antigenic proteins were detected using supersignal® west dura extended duration substrate (Thermo Scientific, Rockford, Illinois, USA). To identify the antigenic proteins, 30 μg protein from unfed female ticks was electrophoresed on a 12% SDS-PAGE gel and stained with Commassie blue. Based on the molecular weight marker, the target protein bands were cut and placed into 2 ml tubes, respectively, for LC-MS/MS analysis. The method was the same as described previously [7] .
The results of western blot showed that 100, 68, and 52 kDa protein bands were recognized by rabbit anti-D. silvarum serum, while the rabbit negative serum did not react with the female tick proteins (Fig. 1 ). It suggested that the 100, 68, and 52 kDa proteins had potential immunogenic properties that might be candidate antigens for developing a vaccine. Three target protein bands were excised, respectively, from Com- massie-stained SDS-PAGE gel (Fig. 2) and analyzed by LC-MS/ MS. The data were searched in the National Center for Biotechnology Information (NCBI) database, and many amino acid sequences of peptides derived from target proteins matched the amino acid sequence of ticks (Table 1 ). It means that the 100, 68 and 52 kDa protein may be the vitellogenin (Vg), heat shock protein 60 (Hsp60), and fructose-1, 6-bisphosphate aldolase (FBA), respectively. The screening of antigenic proteins is necessary for developing an effective vaccine against the tick infection. By western blot analysis, 5 midgut membrane antigens with molecular weight 95, 85, 66, 49, and 42 kDa had been identified in Hyalomma anatolicum anatolicum [11] . Through mass spectrometry, calreticulin and Pmy were identified in H. longicornis [6, 7] . By the similar method, 3 proteins (100, 68, and 52 kDa) from D. silvarum were demonstrated to have immunogenicity, and the results of LC-MS/MS showed that they might be Vg, Hsp60, and FBA ( Fig. 1; Table 1 ).
Firstly, Vg is a phospholipoglycoprotein, which constitutes the precursor of vitellin (Vn) in all oviparous organisms. In vitellogenic female insects, Vg is generally synthesized by the fat body, released into the hemolymph and transported to the ovary, where it is proteolytically cleaved to form the Vn, providing the energy for developing embryos [12, 13] . Additionally, Vg has been demonstrated to have capability of killing bacteria via interaction with lipopolysaccharide and lipoteichoic acid [14] . Moreover, Tellam et al. [15] purified Vn from B. microplus and vaccinated sheep with them. The results of the vaccination trial showed that the mean percentage engorgement of ticks fed on the immunized sheep was reduced from 72% to 42%, and the weights and oviposition of engorged female ticks were significantly reduced compared with the control group. The mechanism would be that host antibodies against Vn/Vg flowed from the tick midgut lumen to the hemolymph, where they bound to Vg, thus blocking Vg uptake by oocytes in the ovary and affecting the development of ticks [16, 17] . In our results, for the first time, D. silvarum Vg was recognized by sera from rabbits immunized with tick lysates. As a vaccine candidate, antigenic significance of this protein was verified by many works.
The alternate name of Hsp60 is called chaperonin 60, which is a mitochondrial chaperonin in eukaryotic cells, and known as phage growth E large (GroEL) in bacteria [18] . In addition to its role as a heat shock protein, Hsp60 functions as a chaperonin to bind partially folded proteins and mediates their conformational changes [19] . Additionally, Hsp60 act directly on antigen-presenting cells (APC) to link innate and adaptive immune responses [20] . Ben et al. [21] found that immunization of mice with Strongyloides ratti Hsp60 (srHSP60) led to reduced numbers of migrating larvae, parasitic adults and larval output of S. ratti, and protected mice against nematode challenge infection. Moreover, immunization of female BALB/c mice with recombinant protein NP-M1-HSP60 induced immune responses, and protected mice from lethal influenza H7N9 virus challenge and significantly inhibited viral replication [22] . In our previous studies [7] , 66 kDa proteins from H. longicornis had immunogenic properties, which might be Hsp60 verified later by LC-MS/MS. We also found similar results in the experiments of screening antigenic proteins from D. silvarum. Based on current knowledge, Hsp60 will be examined as a possible target for the development of novel anti-D. silvarum vaccine.
As we all know, FBA is one of the most important enzymes in the glycolytic pathway and catalyzes the reversible cleavage of fructose-1,6-bisphosphate to dihydroxyacetone phosphate and glyceraldehyde 3-phosphate [23] . FBA was also identified as an immunogenic protein in Streptococcus pneumoniae. Ling et al. [24] separated proteins from S. pneumoniae by 2D gel electrophoresis, and immunogenic protein FBA from the cell wall fraction were identified by MS. Moreover, recombinant FBA (rFBA) was immunogenic in mice and able to provide partial protection against virulent strain of S. pneumoniae. Thus, their conservation, surface-localization, and immunogenicity may make FBA potentially useful vaccine candidates for a range of pathogens [25] . By the similar method, we also screened the FBA from D. silvarum. In conclusion, 3 antigenic proteins (100, 68, and 52 kDa) were identified in our study. For the detection of protective immunogenicity, immunization of experimental animals with them will be done in our next work. This will provide a basis for developing a candidate vaccine to prevent infestation and diseases transmitted by D. silvarum.
